THE INTERNATIONALIZATION OF AGRICULTURAL TECHNOLOGY:
PATENTS, R&D SPILLOVERS, AND THEIR EFFECTS ON
PRODUCTIVITY IN THE EUROPEAN UNION AND UNITED STATES

DAVID SCHIMMELPFENNIG and COLIN THIRTLE*

Multilateral indices of total factor productivity (TFP) allow efficiency compar-
isons between ten European Union countries and the United States from 1973 to
1993. Differences in TFP levels are then explained by land quality differences,
public research and development (R&D) expenditures, education levels, private-
sector patents, international spillovers of public R&D, and private-sector technol-
ogy transfer. There is evidence that public R&D results in limited knowledge
spillovers between the European countries and the United States. However, the use
of international patent data from the Yale Technology Concordance shows not only
that patents matter, but also that private sector technology transfer may be the
dominant force in explaining TFP trends. The United States and the European Union
countries with more advanced research systems (Netherlands, Denmark, France,
and Belgium) converge in a high-growth club, while Germany, Luxembourg, Greece,
Italy, Ireland, and the United Kingdom form the slow-growth group. Ignoring knowi-
edge spillovers and technology transfer leads to biased estimates of R&D elastic-
ities, which is hardly surprising since the private sector is now spending more than
the public in some of these countries. Thus, the estimated rate of return to public
agricultural R&D falls from over 60% in the closed economy model to 10% in the

model that takes account of international spillovers. (JEL Q16)

I. INTRODUCTION

The pioneering work of Jorgenson and
Nishimizu (1978), on intercountry compari-
sons of total factor productivity (TFP), has led
to a literature on multilateral TFP indices,
which allow competitiveness to be measured
both intertemporally and interspatially. The
theoretical issues are discussed in Caves et al.
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helpful comments, and especially Robert Evenson, who in-
fluenced the final form of the paper. David Hadley of Uni-
versity of Reading, Rob Townsend of the World Bank, and
Ellen Bielema and Charlie Hallahan at USDA provided
excellent econometric assistance. The views expressed are
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(1982) and applied to agriculture by Capalbo
et al. (1990, 1991). Empirical work on Euro-
pean Union agriculture can be found in Terluin
(1990), Bureau et al. (1992) and Ball et al.
(1996), updated versions of whose indices are
used in this study.

Evenson et al. (1987) show that changes in
agricultural TFP can be explained by means of
“determining” variables, such as R&D, exten-
sion, and farmer education. They call this ap-
proach to explaining technical change the
“two-stage decomposition,” as opposed to the
“integrated” approach, in which the “determin-
ing” variables are incorporated directly in the
estimation of the production, cost, or profit
function. Both approaches are common in the
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considerable literature on the returns to agri-
cultural R&D surveyed by Echeverria (1990).
However, previous estimates of the returns to
R&D for European agriculture (see Rutten,
1992; Thirtle and Bottomley; 1989, Khatri and
Thirtle, 1996) fail to allow for spillovers be-
tween research jurisdictions, due to lack of
data. Evenson and colleagues (Evenson and
Pray, 1991; Huffman and Evenson, 1993) have
shown that spillovers can be important.

Indeed, endogenous growth theory rests on
the notion of positive spillovers, resulting from
the nonrivalness of new technology, combined
with the inability of firms to appropriate fully
the returns to their research investments,
which results in increasing returns at the ag-
gregate level. Thus, technological spillovers
form the basis of the increasing returns in
Romer’s (1986, 1990) models, just as they pro-
vide the rationale for public investment in ag-
ricultural research. Lucas (1988) introduces
increasing returns in the aggregate production
function by allowing individual human capital
investments to have positive spillovers on the
productivity of the human capital investments
of others. In both the Romer (1986) and Lucas
(1988) models, policies that impede invest-
ment in human and physical capital reduce
growth, and appropriate public policies accel-
erate growth.

The particular policy focus of this paper is
the U.S. Department of Agriculture’s (USDA)
concern with effective coordination of public
and private research in the United States
(Fuglie and Schimmelpfennig, 1999). For this
purpose, private as well as public R&D must
be considered in the global environment of the
multinationals, which have played a major role
in internationalizing agricultural R&D. Agri-
cultural productivity in one country might de-

ABBREVIATIONS

AIC. Akaike Information Criteria

LSDV: Least squares with country-specific
dummy variables

MIRR: Marginal internal rate of return
NARs: National agricultural research systems

OECD: Organization for Economic Cooperation
and Development

PDL: Polynomially distributed lag
PIM: Perpetual inventory model
PPPL Purchasing power parity
R&D: Research and development
SC: Schwartz Criteria

TFP: Total factor productivity

pend on its own research efforts and the level
of the pool of international knowledge that it
has access to, so modeling international spill-
overs is essential.

The United States and the European Com-
munity (EC) countries with more advanced re-
search systems (Netherlands, Denmark,
France, and Belgium) form a high-growth
club, probably due to technological and geo-
graphical proximity, in which international
spillovers are a powerful force, and there is
conditional B convergence in their levels of
TFP. Germany, Luxembourg, Greece, Italy, the
United Kingdom, and Ireland form a slow-
growth group. The United Kingdom is the ex-
ception, in that its international connections
should put it in the high-technology set, but it
has fallen into the low-growth club since the
reductions in public R&D in the 1980s.
Schimmelpfennig and Thirtle (1999) suggest
that public international spillovers are partly
responsible for the divergence between these
two clubs, through either external increasing
returns or technical change.

The next section of this paper compares the
multilateral agricultural TFP indices for the 10
EC countries and the United States. Then, sec-
tion III explains why the model has to allow
for spillovers between the public national ag-
ricultural research systems (NARs) in the EC,
for intercontinental spill-ins from the U.S. sys-
tem, and also from private sector research ac-
tivities. Section IV covers the model and the
data, including the manipulations and lag
structures required. Section V, establishes the
importance of spillovers, using a panel data
model. In section, VI marginal internal rates
of return to public agricultural R&D are cal-
culated for the different models, and section
VII offers conclusions.

Il.  MULTILATERAL PRODUCTIVITY
COMPARISONS

Bureau et al. (1992) constructed Fisher TFP
indices for 10 EC countries and the United
States, for 1973—1989. Then, to allow interna-
tional comparisons, agricultural sector purchas-
ing power parity (PPP) exchange rates were
calculated to make the outputs and inputs of the
11 countries comparable. The spatial index, for
1985, was used to calibrate the time series for
each country, giving multilateral indices. This
work has been updated by Ball et al. (1996),
whose results are summarized in Table 1.
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Ball et al. (1996) show that in 1973 the
United States was more efficient than all the
European countries, except for Belgium and
the Netherlands. However, there are consider-
able annual variations, so it is better to base
the comparison on an average. Thus, the first
row of Table 1 shows the efficiencies of the
EC countries and the United States, relative to
the aggregate of the EC countries, averaged
over 1973-1975. On this basis, the Netherlands
and Belgium did perform better than the
United States, but Italy, Germany, and Greece
were at less than 70% of the U.S. efficiency
level, and Luxembourg was at less than one
third of the U.S. productivity level. Using an
unweighted average, the EC countries
achieved 77% of the U.S. efficiency level.!

The growth rates shown in the last row in-
dicate that only France has grown as fast as
the United States, with Denmark not far be-
hind, while all the rest of the EC countries
have fared considerably worse. Thus, as the
spatial index in the penultimate row shows, by
1991-1993, the United States had overtaken
the Netherlands and Belgium, which both grew
slowly; the French remain just as far behind
the United States and all the other countries
had fallen still further behind. Since the
growth rate of the 10 EC countries in aggregate
was only 1.9%, they are at only 67% of the
U.S. efficiency level at the end of the period.

These data allow a test of simple versions
of the convergence hypothesis. Dowrick and
Nguyen (1989) found that for the Organization
for Economic Cooperation and Development
(OECD) countries since 1950, “TFP catch-up
stands out as a dominant and stable trend.” For
their sample, initial levels of income were neg-
atively related to growth rates and accounted
for over 50% of the variance. Thus, the richer
countries grew more slowly, and there is a ten-
dency for income levels to converge. This does
not seem to be suggested by the data in Table
1. Indeed, regressing the TFP growth rates on
the starting values shows that there is no clear
relationship, since the estimated coefficient is
not significantly different from zero.

However, when we turn to explaining inter-
spatial and intertemporal efficiency differ-

1. Note that an average with weights to reflect output
shares would be considerably higher. As it is, Luxembourg,
which has a really tiny agricultural sector, carries the same
weight as France and Germany.

ences, adding the starting points to the other
explanatory variables shows that they are sig-
nificant in explaining the variation. Quah
(1997) considers the possibility that countries
of close technological proximity will form
convergence clubs, whereas those who are
more technologically backward may fail to
keep up. This more interesting case is sup-
ported by Figure 1, which shows the TFP in-
dices for all the countries. A high-technology
club, comprising the United States, France, the
Netherlands, Belgium, Denmark, and the
United Kingdom appears at the top of the fig-
ure. These first five follow convergent paths
with high levels of TFP. The United Kingdom
appears to be a member of the group until 1984
and then is left far behind as its growth rate
fell considerably. It is not coincidental that
U.K. public sector R&D on agricultural re-
search peaked in 1983 and by 1989 was 12.5%
lower (Thirtle et al., 1997).

The United Kingdom joins the low TFP
level club by 1993. The countries in this group
have less technologically advanced research
systems, and the technological distance from
the leaders may be proving too great for them
to stay in touch with the leading group. Their
average growth rate is 1.5% per annum as
compared with 1.75% for the leading group,
so if they converge it will be to a lower TFP
level.

We now continue by explaining the varia-
tion in TFP, with public and private R&D, in-
ternational spillovers, education, and land
quality. The importance of spillovers suggests
that there is an R&D hierarchy, with a leading
group in touch with the international system
and a trailing group for whom the technologi-
cal distance is too great. Thus, spillovers par-
tially explain why there are two TFP growth
clubs.

. EXPLAINING TFP GROWTH

Using the “two-stage decomposition” ap-
proach described in section I, changes in TFP
indices can be explained by “conditioning”
factors that shift the static production function
over time. In the basic closed economy model
these are public sector R&D expenditures that
generate new technology, a land-quality ad-
justment, and the education level of the farm-
ers, which affects both their own creative and
managerial abilities and their skill in apprais-
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FIGURE 1
High- and Low-Level Agricultural Productivity Clubs
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ing and adapting exogenous technologies.?
This study incorporates domestic patents to
capture the effects of private sector R&D.
Knowledge spillovers between the EC coun-
tries and from the United States are captured
by including the effects of foreign public
R&D, and private sector technology transfer is
modeled using international patent data.

Conceptually, considering the EC countries
as a group is similar to working with data for
the United States as a whole rather than han-
dling the states individually, since there are
considerable spillovers of research benefits be-
tween the state jurisdictions (Evenson, 1989;
Huffman and Evenson, 1993). Thus, techno-
logical spillovers between the EC countries
should be incorporated. Like Lichtenberg and
de la Potterie (1996), Coe and Helpman
(1995), and Park (1995), who aggregate for-
eign R&D into one variable, we estimate a
panel data model with foreign R&D as one
variable.

2. Weather variables and extension expenditures that
transmit research results to farmers, thus diffusing technol-
ogy, have been used in the extensive literature in this area,
but were not jointly significant with the other variables
here. Since extension has been wholly or partially privat-
ized in several of the countries, there are missing data and
those available have very little explanatory power.

1885
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Including the United States allows for the
possibility of intercontinental spillovers. Tech-
nical change in the input industries should be
captured in the input series, but these are un-
likely to account fully for quality changes
(Cooper et al., 1993), so private sector activity
is measured by international patent data. The
counts of patents pertaining to agriculture, reg-
istered by country i in country j, provides
country-specific information on foreign pri-
vate technology transfer between the 10 coun-
tries.3

These private sector variables and interna-
tional public spending effects are all required
to prevent misspecification. To avoid omitted
variables bias, adequate variables have to be
found to capture all these effects. Thirtle et al.
(1995) used lagged foreign TFP indices as
proxy variables for foreign private activities as
well as public research, with some success.
However, the lagged TFPs incorporate all the
spillovers, which introduces simultaneity
problems, and private domestic R&D is still
not accounted for. The approach taken here is
preferable since it takes account of public and

3. The relationships among R&D expenditures, patents
and innovations are covered in Johnson and Evenson
(1997).
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private domestic R&D and public and private
spillovers from other countries without using
the TFPs as proxy variables for technology.
The international patent flows, like those
shown in Evenson and Johnson (1999) are
used to capture the effects of private domestic
R&D and international spillovers of private
technology, at a country-specific level. Thus,
the results reported here are from a panel
model like that of equation (5) in Evenson and
Johnson, but fitted to the 10 countries shown
in our Table 1 (Luxembourg is omitted).

IV. THE MODEL, THE DATA,
TRANSFORMATIONS AND LAGS

The TFP indices that are the dependent vari-
ables in equation (1) below were discussed in
section III. Explanatory variables, for the same
countries, are available for 1963-1993 and
begin with public R&D expenditures, mea-
sured in constant 1980 PPP U.S. dollars and
updated from Pardey and Roseboom (1989).
The international patent data, from the Yale
Technology Concordance, are the number of
patents pertaining to agriculture, registered by
the country of origin in the country of use.
Education is an annual index of years of sec-
ondary education, constructed from various is-
sues of the World Bank World Tables, and the
land quality variable is from Peterson (1987).
All the variables except the land quality index
have lagged effects on TFP, so the model is

L

1 L2
(1) TFP=Y aRD’ + > B,RD/,,
=1 =1

L, L,

+3y, PAT? + 3 8 PAT/,,
=1 =1

L, L, L

+Z anmPAIdl—IPATft—m+z uIEt—l
=1 m=1 =1

+@LQ,+ 05V, +u,,

where ¢=1, T and the TFP index at time ¢ is
a function of its own R&D expenditures
(RDY), lagged from one to L, periods, and of
RD/ for all the other nine countries, lagged
from one to L, periods; of own-country
patents (PAT?), lagged from one to L, periods,

and patents registered by all other countries
(PAT), lagged from one to L, periods; and the
interaction of own-country patents with
patents registered by all other countries. E =
education, LQ = land quality, and SV = the
initial level of TFP. Lastly, u, is a stochastic

error term. All the variables are logarithms,
and all but the land quality index are weakly
exogenous because they are lagged and
therefore predetermined. The sample is
reduced to 10 countries because Luxembourg
is excluded, due to lack of data.

There are several alternatives for modeling
the lagged variables, but including up to 10
lagged values of own-country R&D and for-
eign-country R&D, plus lags for education and
patents, is not feasible, due to lack of degrees
of freedom and collinearity. Instead of includ-
ing all the lagged variables as in equation (1),
lag structures are imposed, and the National
Agricultural Research System (NARS) R&D
is modeled either by using the perpetual inven-
tory model (PIM) to form knowledge stocks,
or by imposing second-degree polynomially
distributed lag (PDL) structures (inverted U-
shapes), which is a common approach (White
and Havlicek, 1982; Thirtle and Bottomley,
1989). The PIM knowledge stocks are calcu-
lated before taking logs, using the well-known
formula

2) K,=(1-98)K,_, +RD,

where K, is the knowledge stock at time ¢,

which is the stock at ¢ — 1, plus the R&D ex-
penditures in year ¢. Delta (3) is the rate of
depreciation, which was set at 5%, since the
effects of R&D are expected to persist for up
to 20 years. Then, the PIM knowledge stock
is lagged 7 years to allow for the gestation
period from expenditures to effects. Both &
and the lag length were determined from
Akaike Information Criteria (AIC) and the
Schwartz Criteria (SC) test statistics, but for-
tunately the models are not sensitive to the
choice of either & or the lag length.*

For patents, a similar approach is not only
justified but is entirely necessary. The diffi-
culty with the raw patent data is that it gives

4. The AIC; = (MLL; — k) and SC; = [MLL, -
0.5k{InN)]), where MLL; is the maximized log-likelihood
for model #, k; is the number of parameters, and N is the
sample size.
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FIGURE 2
Foreign Patents in Germany
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rise to a predominance of negative coeffi-
cients. The cause of this problem can be seen
in Figure 2, which plots the patents registered
in Germany, by foreign countries. The figure
shows that all the foreign patent counts decline
over the period, and this is true of the domestic
patent series as well, which is not shown in the
figure because the larger scale compresses the
other series too much. The same is true of al-
most all the other patent series.

The literature (e.g., Griliches, 1990) sug-
gests that the lower counts do not necessarily
mean less technology transfer, but result from
other measurement problems, which require
further investigation. Segerstréom’s (1998) en-
dogenous growth model addresses some of the
problems. Griliches (1984) noted the fall in
patents in the 1970s and has commented in
some detail on the difficulties of using time
series patent data as economic indicators
(Griliches, 1990). Using capital stocks rather
than straight patent counts overcomes this
problem. Thus, the PIM is again used to create
technology capital stocks from all the patent
series and the rate of depreciation is again set
at 5%, since the persistence remains consider-
able (17 years in the United States, e.g.). The
lags on education are shorter and are deter-
mined directly, without the formation of a
stock variable.

1981 1983 1985 1987

1980 1982 1984 1986

The choice of model is complicated by the
fact that the length of the PDL on R&D and
the lags on the other variables need to be
jointly determined. The F statistic and the log
likelihood ratio were used, supplemented by
the AIC and the SC, which were in agreement
in almost all cases. These tests were used in
combination with variable deletion tests,
which indicated variables that could be jointly
deleted from the equations.

V. ESTIMATION: PANEL MODELS, WITH AND
WITHOUT PATENTS AND SPILLOVERS

Panel data estimation gives ample degrees
of freedom, and both the cross sectional and
time series variances help to determine the pa-
rameter estimates. The cost is in terms of im-
posing restrictions, and the fixed effects model
assumes that the intercepts vary, but the slope
coefficients are the same. This is equivalent to
least squares with country-specific dummy
variables (LSDV) as used here. Hausman
(1978) tests and the Schwartz criterion were
used in panel model selection.

The results of fitting equation (1) as a
LSDV panel are reported in Table 2. In the
closed economy model domestic patents and
international spillovers of public and private
R&D are not incorporated (“PDL no Private”).
The lag structure applied to public R&D is a
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second-degree polynomial, with a 10-period
lag.’ There is no doubt that public R&D is
highly significant even when the same struc-
ture has to be applied to all 10 countries. Sec-
ondary education is also highly significant, as
is the land quality index. The closed economy
model also establishes B convergence (Barro
and Sala-i-Martin, 1995) conditional on public
R&D, education, and land quality, by the sig-
nificance of the starting value (1973) of TFP.
In the open economy models, this result con-
tinues to hold, conditional on domestic and
foreign patents as well as the other variables.
The negative effect of the starting values indi-
cates that less productive countries tend to
catch up. Overall, 91% of the variance in TFP
is explained in the closed economy model
without the private sector, although, as we will
show, the model is misspecified.

The next columns (“PDL with Private”) re-
port the results of fitting the same model with
stocks of domestic patents included. This re-
sults in a substantial elasticity of 0.102 for do-
mestic patents lagged 5 years in the closed
economy model, but it is the sum of the public
R&D elasticities of 0.232 that is crucial for
comparison with the previous model, as this
shows the distortion that results from ignoring
the private sector. The public R&D elasticity
is reduced by over 30%, the education elastic-
ity by almost 50%, and the adjusted R? and the
diagnostic statistics are all improved some-
what.

The spillover effects for the NARS expen-
ditures and the foreign patent series are added
in the PDL and PIM open economy models,
reported in the next two sets of columns. The
starting value and the elasticity for secondary
education still have the expected signs and sig-
nificance (in the PDL), and so does the land
quality index. Domestic patents now must be
lagged 12 and 11 years. The number of patents
registered in any country by all the foreign
countries has a large elasticity in both the PDL
and PIM open economy models and is highly
significant, which suggests that, in aggregate,
foreign patents are more important than do-
mestic patents, a result that is robust to alter-
native specifications of the domestic R&D
stock, and the exclusion of secondary educa-
tion.

5. Ten periods is not really adequate but is as far back
as the available data allow.

The elasticities for the expenditures of the
foreign NARS are large and significant in both
the PDL and PIM open economy models. The
significance of this variable and foreign
patents in both models indicates that a failure
to account for public and private spillovers
could well explain why the returns to public
R&D are often unbelievably high. The
interaction of domestic and foreign patents is
also significant in both of the open economy
models. The open economy models including
spillovers increase the explanatory power by
3% over the best closed economy model, and
the diagnostic statistics are improved.

The negative sign on the interaction indi-
cates that the smaller the contribution of for-
eign patents, the higher the level of domestic
patenting, and vice versa. Table 3 presents the
contribution to TFP of domestic and foreign
patents individually, which include the inter-
action effects, evaluated at the minimum, max-
imum and mean of the relevant variables.

When the interaction term is taken into ac-
count, the uniformly positive effect on TFP of
both domestic and foreign patenting activity in
Table 2 no longer holds. In fact, it is only for-
eign patenting, when the smallest interaction
effect from domestic patenting is included,
that continues to show a positive impact on
TFP. The reason is that domestic and foreign
patenting both have quite strong negative ef-
fects on each other. These effects will be the
subject of future research. Here, the signs ob-
tained are robust to alternative specifications,
with the elasticities obtained from the PIM
open economy model being in all cases smaller
than those obtained from the PDL.

VI. RATES OF RETURN TO R&D

The coefficients of the R&D variables (o),
however they are estimated, are output elastic-
ities relating R&D expenditures to the TFP
index, but they can be converted to marginal
value products to allow calculation of the mar-
ginal internal rate of return (MIRR) to R&D
(Sveikauskas, 1986).

Table 4 shows how sensitive the MIRR cal-
culations are to different formulations of the
model. The calculation of the MIRR for the 10
EC countries together with the United States,
from the pooled elasticity estimates reported
in Table 2, shows that the closed economy
model without domestic patents gives a rate of
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TABLE 3

Elasticity of TFP to Private Sector Patenting including Interaction Effects
(Domestic*Foreign)

Evaluated at Open Economy Model

Domestic Patents Foreign Patents

Minimum value PDL
PIM
Mean value PDL
PIM
Maximum value PDL
PIM

—0.204 0.086
-0.135 0.072
-0.574 ~0.427
-0.364 —0.246
—0.721 —0.726
—0.455 —0.432

return of over 60%. This falls to less than 50%
when domestic patents are included and is
drastically reduced to 7.8% once spillovers are
accounted for in the open economy model.
While this is still a perfectly acceptable return,
it is one eighth of the inflated return suggested
by the first misspecified model. For this case,
the additional return of 4.1% resulting from
spillover effects should also be included, giv-
ing a total social rate of return of 12%, one
fifth of the original inflated return. The PIM
requires more complex calculations to gener-
ate an MIRR (see Khatri and Thirtle, 1996),
and the result is still lower at 5.7% for domes-
tic R&D, plus 3.7% for the spillover effects.
Even this result suggests that the EC has some
way to go before facing any danger of over-
investing in agricultural R&D, but the returns
are far lower than for the closed economy
model, even when spillovers are added to the
open economy results. The importance of the
spillovers may indicate that more collabora-
tion between the EC research systems would
reduce duplication and improve efficiency.

VIl. SUMMARY AND CONCLUSIONS

This paper compares multilateral TFP indi-
ces for 10 EC countries and the United States.
At the start of the period the EC was at 77%
of the U.S. productivity level. But over the
period, the U.S. growth rate was 3% while the
10 EC countries managed an annual average
rate of only 1.92%. Thus, by the end of the
period, the productivity gap had widened sub-
stantially, such that EC efficiency levels were
only at two thirds of the U.S. level.

These aggregate figures hide an unexpected
division of the EC countries into two groups.
The high-technology countries are the Nether-
lands, Denmark, France, and Belgium, who
converge with the United States at productivity
levels between 130 and 150. These countries
appear to have formed a club based on tech-
nological proximity, partly caused by knowl-
edge and particularly by technological
spill-overs, and are growing faster than the re-
mainder of the EC. The group of laggards at
lower productivity levels between 80 and 100
are Germany, Italy, Greece, Ireland, and the
United Kingdom. The United Kingdom was a
member of the high-technology club until the
mid 1980s, when factors such as budget cuts
drastically reduced its growth rate and the
United Kingdom slipped into the second rank
of the hierarchy. Thus, spillovers are a force
in the direction of making the same technology
available to all the countries, and they are
partly responsible for the divergence detected
graphically between the high- and low-tech-
nology clubs, because they expose the leaders
to external increasing returns to scale. It may
or may not be possible to separate out these
effects in future research because of multi-
collinearity.

The changes in TFP are explained by public
R&D, education, land quality, and private sec-
tor research, and by allowing for spillovers be-
tween research jurisdictions. Ignoring
spillovers between countries gives misleading
results, whereas including them improves the
regressions, giving greater explanatory power
and more robust estimates. Failing to include
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TABLE 4
Marginal Internal Rates of Return to Public R&D, with and without Spillovers

Panel with 210 Observations

Closed Economy

Open Economy

PDL no Private PDL with Private PDL PIM
MIRR to domestic public R&D 64.5% 46.3% 7.8% 5.7%
MIRR to foreign public spillovers - - 4.1% 3.7%

Note: Direct private sector effects and foreign private sector spillover effects are estimated in Tables 2 and 3.

the spillovers biases the elasticities of R&D,
so ignoring spillovers could be a major cause
of the inflated estimates of the returns to in-
vestments in NARS that are often reported.
The spillover variables appear to have greater
explanatory power than such commonly used
explanatory variables as extension and the
weather, which contribute very little to ex-
plaining TFP growth for these European coun-
tries. The rate of return results suggest that,
likewise, calculations of the returns to R&D at
the national level may be misleading unless
international flows of agricultural technology
are taken into account. Thus, the return to pub-
lic R&D falis from over 60% to 10-12% when
the private sector and international spillovers
are allowed for. The growth of collaborative
EC research and the increasing role of multi-
nationals will exacerbate this tendency for
closed models to give biased results.
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